M-shell x-ray production cross sections are reported for 48e+ ions incident upon thin 59Pr, 60Nd, 63Eu 660y 67HO 72Hf 74% 79AU 8$Pb and 838i targets. Incident-beam energies range from 0.5 to 2.5 MeV (55.6-267 keV/u). The results are compared to the predictions of the first-Bornapproximation theory and the perturbed-stationary-state theory with energy-loss, CoulombdeAection, and relativistic corrections (ECPSSR). The first-Born-approximation theory overpredicts the measured cross sections everywhere, especially at high energies, while the ECPSSR theory tends to underpredict them, especially at low energy. This discrepancy between the measurements and the ECPSSR theory may be due in part to multiple-ionization effects which could change the fluorescence yields from the single-hole values used to convert total ionization to x-ray production cross sections in the theoretical calculations.
I. INTRODUCTION Ionization of atomic inner-shell electrons by incident charged particles has been examined extensively over the years. There have been several theories proposed to explain the observations. One of the approaches used most often has been the plane-wave Born approximation (PWBA}, which describes the direct ionization (DI) process for high-velocity projectiles. This formalism is an evaluation of the process by which an inner-shell electron is ejected from its orbit into the continuum under the restrictions of Z&/Z2 &&1 and v, /v2~&&1, where Z, /Z2 refers to the ratio of the atomic numbers for the projectile to the target and u~/u2& refers to the ratio of the projectile's velocity to the velocity of the electron in the S shell (S =E, L, or M) Rutherford-backscattered (RBS) particle yields, the total M-shell x-ray production cross sections were determined.
The experimental setup, electronics, Si(Li} x-ray detector eSciency determination, and methods of data analysis have all been described in previous papers. "
The absolute uncertainties in this experiment range from 12 -4S%, with the largest ones due primarily to (i} the uncertainty in the x-ray efficiency of the Si(Li) detector for the lower-energy x-rays (e.g., from Pr and Nd) because of the sharp energy dependence of the eSciency of the detector, (ii) the presence of the gold and silicon absorption edges of the x-ray detector, and (iii) the statistical variations in the background 6tting and subtraction techniques for the low-beam-energy RBS and highbeam-energy x-ray spectra. Multiple-ionization effects in the target (not corrected for in the theoretical predictions reported here) could have a significant eff'ect. The observed x-ray line energies would be shifted, thus changing the actual Si(Li) detector efficiency. In addi- 
